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(54) MAGNETIC DISK DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a portable, large- 
capacity and high-speed magnetic disk device by 
providing an irregular part for recording information, a 
soft magnetic layer and a perpendicular magnetic 
recording layer and reproducing the information by a 
single magnetic pole type magnetic head. 
SOLUTION: Information of a hard disk 1 1 housed in a 
changeable cartridge 16 is reproduced by this hard disk 
device 10 using single magnetic pole type magnetic 
heads 13. The irregular part, the soft magnetic layer and 
the perpendicular magnetic recording layer are formed «,*y v ^ 
for the purpose of recording information on a magnetic 
substrate of the hard disk 1 1 . Consequently, since the 
hard disk 1 1 is housed in the cartridge 1 6, the device is 
made portable, and since the irregular part for recording 
information is provided on the nonmagnetic substrate of 
the hard disk 11, the information can speedily be written. 
Also, the recording magnetization is stabilized and the 
magnetic transition is made steep by providing the 

perpendicular magnetic recording layer on the nonmagnetic substrate of the hard disk 11, so 
that the information can be written with high density. 
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C^fFlS*cOigffl] 

itmm i ] &$&jm&ij- h v v vizw#>z>nrtm 
t & M9Lt << x 9 mmx-sb -d T, 

[f»3<JS2] taE««7^X M§2J«&8s 

•r 4»«-r-r x ^gBT-feo t, 

3 telE«o««7 s -r xi'gio 
[%BJ?<Di¥*ffi&l&0j?] 

[0 0 0 1] 

'If fS^lE^S^-T 5 fK^-rV X * 3B£ 
[0 0 0 2] 

m%L<»mm ^i/^^-9<Dmmm.mmx'&^m.m. 

T^Xti&mt LTt±. fi»J^{f/N- FxV X7^g#s& 
5. CCA- Ff^X^gBCffl^5,n5A- Kf-V X 

**<**o Ui»— /<^;Wn— FtVx^W:, ISIO/v 
-< , X*i:Jt«LT:fcSBT*fcSfcl^3f!JjSi*^U 

b«. wascx-r^^sBtjtRLTR^aiLafisya 

[0 0 0 3] 

^ x ^ fcffli^fcrtaft/N— Kfi' x *8b*<#* p»nr 

[0 0 0 4] tCZt)\ CCOy^-jY^-CfX'CD&^m 
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cfcttBaTfe^tu^^^feofc. ar&ic, soffit 

[0 0 0 5] CflOfSWttx fiLh®j£icS»> IJHfftttf* 

io [0 0 0 6] 

J:*Uf* SaftRfBs!):*— h U -y > f {ciRi66nfcaB[M7 f -< 
m-ri-X^gBTSoT. fi3IBB3[^7 r -i'X^O|^14S 

[0 0 0 7] ±IB^fi£fc<fcntf, WSBLt 4*9*11- V 
^O^attS«±tC*«E«Ofei60|Hli!!ig|J*Sl3-TV^ 

[0 0 0 8] 

M«iSftfBBiii*«aLTB«B»ciKm-ra. ctTta 

©fSE©«Htt* WTOSWK6V^T»K COftMSB 

30 ©Tte&l/N, 

[0 0 0 9] 0 Hi, c©58iill©«£t-r-f x*£B©H 

H-e*«. cOA-Ff-fX>81i Ott, 1Mt«IBB 
*Sfci6©iESi8#T'&&/>>— FtVX£ 1 1 ©SKIS 

a^wwrsx^vF/u*— 9 1 2StfA-Kf-<x^ 

1 1 0Mfitc^«fft8oEfl@£*Mtt-rs 1 *f©X 
5'T^}S«Snfti«^y K 1 3tf, K7^7y-X 
1 4F«9tl)2^SnTI/-«S 0 f LT, XtfVK^-^ 1 
2&tfBg^vy K 1 3 <Dffl®^ni/\s zL-9mt(D?glT 

40 o i: o *ff 3 ©jsp • im&mmm 1 5 f 

[0 0 10] gfc, A-Kf^Xi'l 1«\ h'J-y 

K-fV X* 1 1 ^ti N X 1 4rttc 

iR*fl£ftTV>S©T\ H»B*SfLfcW%0«t»-e»flFS-a: 
4Cfc3b^-p#S. /n-F^X^I H±, *- h 

■j y 1 6 F^ciKrfflsnr F^-ry^-x 1 4 tcanaoj 

fllil^oTl^OT-. /n-Ft^i-X^I l^r^Lfc 
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1 6%h'^-c7 j r-x i 4K»K-r*isfc:©#» 

ymu^ \ 4 a^rS^T'^-S K^^t-y^ l 4 b* 1 
HKfc«>, ii«ttJBT«F9l'^-Xl 4F«J©«ffitt 

[ooii] i^2a. A-Kf-fx^i i*«iRW*nfc 
a- h u -v s? i 6 <onmm^r^mmmmv^?>o c 

<D±>- V 'J -v ->* 1 6 h U >y 1 6 

a, 16 bicit. SSSv^-y H 1 3*V\— Kf^X* 1 1 
fcSff*fc*«D7^-fe^fflBllPa5 16 c. 16 dtf^n 
^n^lt 6hTfi 9 > IC-SC*- h U >y ->*gp# 1 6 10 
bfct4, XkfVF;!^— * 1 2*V\— Kf-fX^ i 

COO l 2] K-r-fX* 1 l iclt. xtfvK;!/*— 

^ 1 2 i: ©jamais £ bros*!**-*-*-* >y*>7mu 

D °pl 1 a#lfc»)tt#SttT^«o C©^^-y^V^*fflgB 

p° n i i a«x xtf^KM-^ 1 2 i:as«at«e<its 
^jntfeo, /n—f-t i i *iute®»i-rs©K 

tM^A^LOo, J»KrsiBJ::ttfaS*KlSin* 

[00 1 3] Sfc, i3— F U >y v^gptf 16a, 16b* 1 
mO&tiZtirz'&CDTlr-texmffia&l 6 c, l 6 die 
It. t>— F V v i/i/*? 7^16f 1$7.=74 KoJtltCt±4!> 
jiintV^o C©#— hU y&is-vvji 16ftt, * 
— MJ*yS?l 6^H5-r7^-7. 1 4Wt$3tta> 

03 (a) ki^vr «fc -3 Tt-hxmmn&i 6 c, i 

6 d£g<*<fc 5^7^ FbTVStf, h»J -y v> l 

etfH?^^^ i 4rtt8f*nfet*tt, 03 

(B) &CjjVr«fc5K:, T^-b^fflligpgPl 6c, 16d 30 

ft, ilOii-hU'Vi/i/f^ 1 6 f ^rX^-r FS-tirS 
l«tiF7^77--Xl 4£<IjL£>nTV>3o 
[0 0 14] 04 14, ^-Ff-fXi' 1 1 Oili?;^ 

X* U- F *©JKffifc:** UTfiiSSlRUC 

yT*©aitlK^IB^S*Sffl-r5c:ttcj:f), 7 

[0 0 15] C©/v- FtVX* 1 1 1(4. mWfitf&Mi 
S1*tt*«9a.fc«te(WB 1 1 1 b%X^-y^StcJ;»3ffi 
ffi£»*;£-efc:/^X*--y*»©#«tta«i lie* 
£>j£t), *©4>i>SWcttlMKteS« 1 1 l cO^W 
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i i i a^gt?nt^5 0 ittMi i i bit. mm 

Tilt. lEBSttBffii 1 1 cVmffifrZMlC ^-7D^ 
1 lba, C o - C r «©££tt£(Se&JKttA§fttt*m 

fr&j&ssESJBi i i bbRtfjj-x^momw&m 

[0 0 16] A-Kf-fXi' l l l©ilSB9S#&4, 7 s 
- *««*HE8* St*-* 1 1 1 d, St^l 

'vy F 1 3*<{ft««4&-rsfc«>©-9— #1Wg*^«>E« 
*nfc-9--#*«<S« 1 1 1 e Rtf *©flfi©fig«3b*ffl3a 

*fc#»jsn-c^s 0 cn6o»*i, i^vKi 3 

#1»$B©fESff£*fT5^<^-F7^X* 1 1 1©P3 

mysfaicjSE&tzmic. f*-*iWB»&«Ki 1 1 d£ 

•9— #*««Wl 1 1 e fc*£5KjfeS-r*J:3»cE« 
**XTV>« 0 1 1 1 elcit. U^F 

1 3 *MMi*ftfcffl^«fcft©tf— bfcea 
fliWI5*SnT6»), f^-^IMWi&tHMl 1 1 die 

6©iaiat±, i i i c*fl#aja»-r*BK* 

8J14ffl£l 1 1 c©S®gB#i:LT-ffiLTft5fi££nT 

fit), ftttfMi i i bfcsas Hifcfife cne«? 
i it*. K^mL«ffl©ROM. K#a b • »f?3i*Ri 

R A M& £ I/H4 R O M©^*' 5 — g|3JgfiSc£ nt^ 5 
R A MOr-fX^ i: LT(SSt5 CttfTtSo 
[0 0 1 7] 0 5 (A) It. F 1 3©ffffflfif0? 

*S*affiS«5[^-y'K©— flW^^-r^FffiHT**. C 
©#{®1SSSaia^-y F 1 3 1 14, iEffSBS^afiSttttJl 1 
1 1 bteBJiOTS«W*a*U S*«FK««tt(*:JB 1 
1 1 b*^iDi^ll|-r«3^;l/1 3 1a, C©3-T 
71/ 1 3 1 a £SBM£ttJ| 111b t(Dffl<Dffi.M<Dffi\ : &LBi 
m®£rj;Z±MM i 3 l bRtfittfti l l l b4>©» 

ri%m i i i b a *MTiii 131b tat^wtc^ 

o-L, 3^;H 3 1 a ^A.fcPflaaK^JKfiSct* Sfc46© 
MWl 3 1 ci^M^ntV^. 

[0018] nmmmi 3 1 cfc«fcoTBH«KBs*^jas 

tizctlcti*). 3 1 bi:fiaE14ftJll 1 1 bt 

<DF3<DfflM<DtHX K> ©*»**<« u isaatcwffi©se® 
H4%fr3ci:*^*So ffiSdSaiffii 3 l c©»rSfflt4 

3 1 bicttvn-ftfc^rcsb. rnmmrni 3 1 

ci:!S14^«l 1 1 b t(D?3lcffitiZM%i&mt±WM 

131b ©^tifctt^+^/jN^ < , ffiwimm 1 3 1 cfr 
zmmztitcMH&m 1 1 1 b&ci5g*&(3r-<r<fc5& 

«lfi*««*-r*Cfcf44^ (09*.(f J. P. Lazza 
r i, M. A. Torfeh, and J. P. Tua 
1, I EEETrans. Magn. , MAG— 17, 
no. 6 (Nov. 1981) 3120 — 3121 
M) o 
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2 it. m^mmt±smmmmm^y f i 3 i tm- 
mKE«bfc«*a*0[&ajis? 132a icx^m^m 

1 1 1 bfr&®^©£{fc*ttaLT**©#S£*ff3 
£#g:&oTt/>3 H. Mi tsuhashi, 

0. Morita, K. Oniki, S. Terad 

a, A. Matsuzono, andH. Takin 
o, J. of The Magnetic Socie 
tyof Japan, Vol 18, No. SI (1 
994) 421—424 £r#P.g) „ 

[0 0 2 0] ±3LifeA-Kf-<X^l 1 \RXfmm& 
Slt^yKl 3 l^ixfcA-Ff^^i'gil Ofc 

S3E14S1S1 1 1 c <Dg®±fc:«r373j£T-fc3o c<0 

^rsejctntf, A-Kf-fx^i i i cdSjS^c— jsl 

LSfllfcfcSfci&x JMKffiSHBK'S'y F 1 3 1 <DGlW®l 

fc, ROMOi&li, f- l lidi* 
Of- Zffi$tiLtf£(Dj53Uc£r>T%5Mt£tU ROMOgp 

l l d<0— WOx— ^flBB^c©35SCk:«t^T 

co o 2 i] 06 a, ±ittttM&Wfcmt>LtcmT* 
$>K), mm (a) lisersfflffis, mm (b) 

SVfo HffcjSLfcfcfliti;. fiSttftHi i i b4>©83ffc 
tfl^fc^lSj^LT^So ^SK14S«1 1 1 c±KB 

i 3 i EJ;ottlI^(^MS»tft't%^^ $¥ 

1 1 c©ia»*iBic«»Lfc«ttf*»i 1 1 

b, iPSSBttWl MP l libd, #BStt»£l l l c 
©G3««ffifctt*Lfc«te#JBl lib, SP-tSSJttttli 
E3SP l l l b e*StHcK¥mc Sett J: »3 If 

^nii6i:^So ffitt^jiflgp 1 1 b d tm&i*mw& i 

mmm.^v f i 3 1 ;&fita&ffi«&*6* 
•eftc^— F-r-rx^ 1 1 i±7ii^tSi: tjc<fe»3 

S3 («PM¥ 7- 1 5 3 0 4 7 o 
[0 0 2 2] ±a?Lfc73^tCj:f3/N-F7 ? ^X^ 1 1 1 
fcKS*nfc«$B«, JHliSi«'N7 F 1 3 1 ©3^ 

«t»3Bi*a*n*. ssistwii 1 1 b«®**5© 

K^O^ttcJ:oT=H';l/l 3 1 aOSigd4T5l 

mi-r^mmmsim^y f 1 3 1 tefiBscaM&SiSo 

¥«SS!«SS^-y F 1 3 2f$^tfegK 

wausfitab**? 1 3 2 a w*fcatfM>»fcfcfci; 
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i?n2a ©amffi^-n-pj-r 5 c i: t«t om^^h^ 

[0 0 2 3] H7I4, /n— F-r -T X ^ 1 1 £DgiJ<£>f¥jffl0"J 

-Ff-fxi'i 1 2«, sa«siiag#tt%{»x.feaM4 

Xf»^»OJflttffl6l 1 2ci>6lS!), 

tc«^5Bi4Sffii i 2 c<D7^x*v?ttntmm<DM 

10 BBB0&»*J$O?-+ v^V^fflfiftS 1 1 2 aiilfftl 
[0 0 2 4] A-Ff'fX? 1 1 2<DmmM$Hftte, f 

-$mm*mm?ZT-*mmw&m®\ i2d, 

*\-s» F 1 3A' ! {fiB?*46-ri.fci6©-9--#'lf^ : Pa6IB« 
*nfc-9— #flM81B« 1 1 2 eStf^Oi(Da«All 
*t»«*nT^«. Cfie><DigJ§lcte\ ««^>y F I 3 

#w»©K»if£*ff3'<<^— K-y**;** i i 20P3 
H^ri^te^-rsiStex f*- 1 1 2dt 

i*--#1«H«« 1 1 2 e fc^SESKjtalE-rS «fc 3 KBS 
20 ?nt^5 0 -fr- sl*tt$Bffi« 1 1 2 e SBESl-vy F 

i 3 bms&&^m^zfc&(ov—#ffinictti&i,rc\H} 
{htf&f&zti-as*), T-jtitmm&w&i 1 2dK 

sohismu ^asi4s«i i 2 czstmaMtsmtcit 

B8tt»«l l 2 c©Sffigp#i:LT-ffiLTffM£ftT 

1 lit. S!^tt!Ll?ffl<DROM, l*ttiL • »#ii*Rr 
m%. R A M * S V R 0 M <DSP# — gP^JjSt £ tlT V ^ * 

[0 0 2 5] i8(i, H3iM^-y F 1 3©BIBWT*SU 

^"II^A-v F 1 3 3Hu n-Ff^Xf 1 1 2±<D« 
«*aBt5RWfcR*ai-ril4eR 1 33at A-Ff-fX 
* l l 2±fc«»fc«SCWH:##atfKSas l 3 3 b i: 
*6i)S?nT^8 s S£SPl 3 3att> 

*iafit*^fl:-r saiaajijasjis? «-piacSR*m lis 

?133c *«AT^S. IBSSP 13 3b(t BSIf^lg 

^-ra^-ow 33 d, *©Ki**is<tt«tt*m*& 

40 fiSt^nT 1 3 3 eMC«37 1 3 3 e <f ©SaW^rfl-gP 
K»»5tirt-;fc«>©**'y?'l 3 3 f *fflM.Tl^* 0 
[0 0 2 6] ift), C^'JVySSSM-^y F 1 3 3(Dfr& 
C»»0#*fflt*x SateteJll 1 2b^5.^7 
^ 1 3 3 f tcjJftA-T SaSWO^ffctcJ: 0 13 3d 

oissfiffl^fg^-rsgises^^.t^M-F^T.^ i i 

[0 0 2 7] iiELfc/N-Fx^Xi/ 1 1 2Rt>*#®E8i 
SfiSM'N-y F l 3 3£d*fc^-FxVx*l!§uBi Otc 
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ttlOitU^ A-Hf-fXi' 1 1 2 <OSai§B#tC— J£L 
LlMK&Sfcit), U>i'lII'\.y F 1 3 3CD&B& 

»6**fw©R*«i»)»ffl«*, hp**- mm& 1 1 

fc, ROMOiitt, ^-^flMBfciflW 1 12di» 

[0 0 2 8] 09 tt, ±K£S*tt&WfC*bb;feEn? 
fet), IQH (A) BKiEflfiEB. (B) «¥ffiH* 

^-r 0 m<picxkLtc5:mz, mawmi 1 2bfp©ss{t; 
i 3 3»cj:r5T*ae^fcasi-r*ii3b^**v^ * 

f&ttgffil 1 2 cOagBS®KS»LfcfiS1t«! 1 1 2 
b. EP^^Ett^JiagB 1 1 2 b d, IHKtt&K 112c 
©Klg&SB&cM»Lfc»ft{*Jl 1 12 b, gp-&flM£ttM 20 
H»l 1 2 b ett^lcRWftltzmiktZCtlcZQn 

^nrflit&So JKtti*Bdg!5 1 1 2 b d taattttjiiagp 

1 1 2 b e^giFfTKSBlft-rs^ttfcLTtt, 09*.tfy 
F 1 3 3^155, ^WjS&ffigj* 
\— Kf-fX^ 1 1 2±tc^*£-esci:tc 
«t5f?3 (Wl»¥7 - 1 5 3 0 4 7^$8#I3) „ 
[0 0 2 9] ±a?Lfc^Sfc<fct)^— Kf-T^i' 1 1 2 

fcESSfifctiMBtt. 'J v^*§y®^-y F 1 3 3 com*- 
«atc«k*>K*ta*n«. hp-s, «ttft/ii i 2b$i so 

R H(d+h) 
H(d) 

C CX\ d tiX^-v-V^ (U y^®8«A.v F 1 3 3 

t±mtiomcomm) tsso, ha±ihTitoriff) 

SffiM m&fcmW®!. 112b e©?fij3?£) T?fc«. 
[0 0 3 2] *-CT% U F 1 3 3 ©B3W 

©ffirtf£#£gEfiJt#K:o^T> S (l) ^^S5C^r 



3 3cli, SWfc«ff©g{tteJSUTtt*aUR?l 3 

3 c &&<Dn.fmtnmtf&<t?ztztb, ^ajbi? 1 

3 3c ©Jg*a<l£ff-IiJ-r § c 4: i 0 1iWB*fMCfi^ i: 

ffl-rs u zsyMmttL^y f 1 3 3 »E»»ii±aj-»s! 

1 3 3 ete^A-r^SaWoa<t:(c<fcoTn-r;l/l 3 3d 

[0 0 3 0] lJIT*, ±iiELfcM— F-rVX* 1 1 2© 
*£\ l l 2 b*SE«{b«fc:-*-SCi:t«:J: 

t>, u yyiit'N-y f i 3 3?-mmtzmc&mtrj: 

SS8tt&JllHIg|5l 1 2 b e<DMm-£Zm<?%£tti t T' 

cnaisswt'j v^fift'N'y f i 3 3c»)?±s 

JtttfcofttfSo *-Jf*6tf, U >?WM>n.^y F 1 3 
3ti9 2aB*«*fr3ISfc:«4, SattttHflgp l l 2 
bd (JMT, _hJHfcl^3) £S&ttf*Jf Hg|n l 2 be 
(«T, TJf£:^3) #iRjfc«fl:Lfc&K:±Ji©* 

mmcz^TTmtfiKmv&i^oim&Kmmz. bp 

[003 1] H10 (A) , (B) tCa?TJ:5lC. ±S 
fclH (d) ©aWtfffl'froTV'S TJifcfcH 
(d + h) ©«!SW&*WSte»ft»oTba:-3„ 

So 
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K a r l k v i s t ©iSfcli^ EP* U V^MM-n-v F 
-T. Brt^OlWHx (x, y) 14. 3£ (2) T'-S-* 



Hx(x.y) 



n 



tan 




(2) 



40 



TfcSo 

[0033] sai4»s 112b *«aftsn* ^ £©mijn 
mm*. ffifHf&ft<DmftH x u, y) tft^KiLfc 

H x (x,y)max= Hx(o.y) 



fc*©ffl***.ntf&^©T?, s (3) ^r#x.ntfs 

v. BP*. MrtfiK»0±Tg«t^Jt45Rl4S (4) 

So 



[»3] 

*(*) 



C»4] 



H x {o.d+h) 
H x (o.d) 



tan 



(gfe)) 



tan" 



so 
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mm^comnny (x, y) a. sc (5) t# 



Hy(x,y) 



(x- f)"+y«J 



[0 0 3 4] SSttftJI 1 1 2 bff«{tSn*i:*©0Ulll 
«HL|4. Slfija#©«#Hy (x, y) tfS^CjlLfc 



H y (x,yW = Hy ^y^ff.yj 
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Sil^©±TJilKWlt^R«^ (7) 



<6) 



V(d+h) 2 +f-f 



In 



In 
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[0 0 3 5] H^cffiffl^n&X-?— ~>>^*d t^-v-y 
:/fig<73£Mi«\ dtt 1 0 nmX«5 0 nnu gf±20 
0nmXtt4 0 0 nmT*£IOf, cnB^S (4) &. 
tfS (7) K^ALT±jltTBi:^^OW®llhtcW 
LT^n -y h LT^S t, 01 1 ~S 1 3 iCijk? J; 5 l£ 
£vT®rt^#©±TJi&mb*RtegE/£#<D± 
TjfBgWJ±45R<fc9*fK&-3T^3„ -\<yKffii 

[0 0 3 6] HI 1 4fct, A-h'T^X^gfl 0<D®& 
^gfl Ofi, MM • m ^ffililHlSS 1 5^riiLTnVfcf 

2 o^o'it^s^iaa-r^SB&a'Kif^tCi^s^ 

«*/<D#;*a5§tt5It??it®g!3 0C81?nt^§„ ftj 
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